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Introduction
The last important – and possibly the most spectacular – turn-
over in South American mammal history occurred around 
the Pleistocene-Holocene boundary, when 100% of megama-
mmal species and about 80% of large mammal species 
became extinct. In this paper, we consider as “megamam-
mals” those with body mass over 1,000 kg, and “large mam-
mals” those over 44 kg (Tables 7.1 and 7.2). With the 
exception of a few smaller mammals, no other animal or plant 
disappeared. Consequently, this extinction event was distinct from 
mass extinctions (see comments in Cione et al., 2003).
South American communities had included at least some 
megamammals since the latest Paleogene, but gigantism in 
mammals markedly emerged during the Ensenadan age 
(early Pleistocene; Fig. 7.1) when many large mammal gen-
era fi rst appeared (Ameghino, 1889; Pascual et al., 1965; 
Cione and Tonni, 2005). Most genera, with different species, 
survived during the late Pleistocene when the remarkable fi g-
ure of 37 megamammal species can be documented (Table 7.1). 
Many appear to have persisted in the early Holocene. However, 
none is living today. Moreover, presently there are no megam-
mals in the Americas, Europe, and Australia. In Asia today 
there are only two megamammals and in Africa four megama-
mmal species and the giraffe, close to a ton in body mass. 
The largest terrestrial mammal in the Neotropics is the tapir 
Tapirus bairdii, some individuals of which slightly surpass 
300 kg (Nowak and Paradiso, 1983).
The large mammal extinction of the latest Cenozoic 
occurred on different continents and islands at different times 
(Steadman et al., 2005). For explaining these extinctions-
several hypotheses have been proposed, most related to cold 
climate, disease, or human activities. We agree with Barnosky 
et al. (2004) in that the accumulated evidence suggests it is 
time to move beyond casting the Pleistocene extinction 
debate as a dichotomy of climate versus humans. In this con-
text, we have proposed what we call the Broken Zig-Zag 
hypothesis (Cione et al., 2003). During most of the middle 
and late Pleistocene, dry and cold climate caused open areas 
to predominate in South America. Nearly all megamammals 
and large mammals that became extinct were adapted to this 
kind of environment. The periodic though relatively short 
interglacial increases in temperature and humidity led to dra-
matic shrinking of open areas and extreme reduction of the 
mammalian biomass (albeit not of species richness) adapted 
to open habitats. However, during the longer glacial periods, 
open-area mammal populations recovered. This alternation 
of low and high biomass of mammals from open and closed 
areas is what we refer to as the Zig-Zag. Remarkably, the 
extinction rate of large mammals and megamammals during 
more than a half million years was not high, until rising 
abruptly during the latest Pleistocene.
In this paper, (1) we analyze the biostratigraphic and chrono-
logic pattern of the large continental mammals of South America 
during the late Pleistocene-earliest Holocene with new evidence, 
(2) discuss why megamammals and large mammals were more 
liable to become extinct than those that survived, (3) discuss the 
timing of human entry into South America, and (4) examine the 
possible role of humans in this extinction.
The Broken Zig-Zag Hypothesis
We have proposed that megamammal and large mammal 
extinction in South America during the late Pleistocene-
earliest Holocene was caused by human foragers (Cione 
et al., 2003). However, we believe that this event would 
have been favoured by a particular circumstance: total bio-
mass (not diversity) and distribution of open-area-adapted 
mammals began to be extremely reduced in response to the 
periodic shrinking of this kind of environments (the Zig-Zag) 
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Table 7.1 Mammal taxa present in putative Lujanian (sensu Cione and 
Tonni, 1999) beds in South America and that became extinct (modifi ed 
from Cione et al., 2003). Asterisks indicate taxa that occur in 
archeological sites
Megamammals Large mammals
Cuvieronius humboldti* Antifer niemeyeri
Cuvieronius hyodon Arctotherium bonariense
Doedicurus clavicaudatus * Arctotherium brasiliense
Eremotherium carolinense Arctotherium tarijense
Eremotherium laurillardi Brasiliochoerus stenocephalus
Eremotherium mirabile Equus (A.) andium
Eremotherium rusconii Equus (A.) insulatus
Glossotherium (Oreomylodon)  Equus (A.) lasallei
wagneri
Glossotherium lettsomi Equus (A.) neogeus*
Glossotherium (Pseudolestodon)  Equus (A.) santa-elenae
myloides
Glossotherium robustum* Eulamaops paralellus
Glossotherium tropicorum Eutatus seguini*
Glyptodon clavipes Eutatus punctatus
Glyptodon perforatus Glyptotherium sp.
Glyptodon reticulatus Hippidion principale*
Glyptotherium cf. cylindricum* Holmesina occidentalis
Hemiauchenia paradoxa * Holmesina paulacoutoi
Lestodon armatus Hoplophorus euphractus
Lestodon trigonidens Lama gracilis
Macrauchenia patachonica* Morenelaphus lujanensis
Megalonyx sp. Mylodopsis ibseni
Megatherium americanum* Neochoerus aesopy
Megatherium medinae Neochoerus sirasakae
Mixotoxodon larensis Neosclerocalyptus paskoensis*
Mylodon darwinii Neuryurus n. sp.
Mylodon listai* Nothropus priscus
Neothoracophorus depressus Nothrotherium roverei
Panochthus frenzelianus Ocnopus gracilis
Panochthus morenoi Ocnotherium giganteum
Panochthus tuberculatus Onohippidion saldiasi*
Plaxhaplous canaliculatus Palaeolama niedae
Stegomastodon platensis Palaeolama weddelli
Stegomastodon guayasensis Pampatherium humboldti
Stegomastodon waringi Pampatherium typum
Toxodon burmeisteri Paraceros fragilis
Toxodon platensis* Parapanochthus jaguaribensis
Xenorhinotherium bahiense Propraopus grandis
 Propraopus humboldti
 Propraopus magnus
 Scelidodon cuvieri
 Scelidodon chiliensis
 Scelidodon reyesi
 Scelidotherium leptocephalum
 Smilodon populator
 Tapirus cristatellus
 Trigonodops lopesi
Medium sized mammals 
Canis dirus 
Dusicyon avus* Small mammals
Protocyon orcesi Eligmodontia n. sp.
Protocyon troglodytes Microcavia robusta
Protopithecus brasiliensis Desmodus draculae
Valgipes deformis 
Table 7.2 Large mammals and megamammals in the Guerrero 
Member of the Luján Formation and correlative units
Antifer neumeieri Megatherium americanum
Arctotherium bonariense Megatherium lundi
Arctotherium tarijense Megatherium tarijense
Ctenomys lujanensis Morenelaphus lujanensis
Cuvieronius humboltii Mylodon darwinii
Dusicyon avus Mylodon listai
Doedicurus clavicaudatus Neochoerus aesopy
Equus (A.) andium Neosclerocalyptus paskoensis
Equus (A.) neogeus Neothoracophorus depressus
Eremotherium sp. Neuryurus n. sp.
Eulamaops paralellus Onohippidium salidiasi
Eutatus seguini Palaeolama sp.
Eutatus punctatus Pampatherium typum
Glossotherium lettsomi Panochthus morenoi
Glossotherium myloides Panochthus tuberculatus
Glossotherium robustum Paraceros fragilis
Glyptodon clavipes Plaxhaplous canaliculatus
Glyptodon perforatus Propraopus grandis
Glyptodon reticulatus Scelidodon sp.
Glyptotherium cylindricum Scelidotherium leptocephalum
Hemiauchenia paradoxa Smilodon populator
Hippidion principale Stegomastodon platensis
Holmesina sp. Stegomastodon waringi
Lama gracilis Toxodon burmeisteri
Lestodon armatus Toxodon platensis
Lestodon trigonidens 
Macrauchenia patachonica
which was provoked by the last (present) interglacial’s 
periodic rising temperature and humidity. Humans certainly 
did not exterminate all the extinct taxa (e.g., the large 
carnivores), but killed off many and provoked changes that 
occasioned the disappearance of the remaining ones (see also 
Kay, 2002).
The Zig-Zag
Studies based on geochemical proxies in glacial ice cores 
from Greenland, Antarctica, and South America show that 
temperatures strongly fl uctuated during at least the last 
400 ka and that the present interglacial is not substantially 
different from the earlier ones, of which there were over 20 
during the middle-late Pleistocene (Fig. 7.1; McCulloch et al., 
2000; Blunier and Brook, 2001; Steig, 2006). The periodic 
changes in Pleistocene climate provoked dramatic modifi ca-
tions in the distribution and biomass of the biota in South 
America and other continents. We use the expression Zig-Zag 
to stress the periodicity of biotic trends.
To determine the impact of changes, we evaluated the pos-
sible modifi cation of vegetation physiognomy. In modern 
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South America, 18% of the land is characterized as open areas, 
while medium vegetated areas make up 15% and closed areas 
make up 67% (Cione et al., 2003). In contrast, by using the 
reconstruction of South America during the LGM, we calcu-
lated that open areas would have encompassed 31% of the 
territory, medium areas 54%, and closed areas 15% (Cione 
et al., 2003). Simberloff (1986 fi de Raup, 1992: 136) had cal-
culated that areas of wet forests were reduced by 84% during 
this time. We understand that the most diffi cult defi nition is that 
of the “medium vegetated areas.” In this term, cerrados, chaco, 
monte, and other relatively closed areas are included along 
with some more open areas (see Clapperton, 1993a, his Fig. 
23.10). For this, we consider that the geological, fl oristic, 
and faunistic evidence from the present densely vegetated 
areas suggests that open areas were even larger than depicted 
by Clapperton (1993a, his Fig. 23.10). Similar results were 
obtained by Vivo and Carmignotto (2004) based on the distri-
bution of plant formations (Fig. 7.2; see also Johnson, 2002).
We commented above that during the late Pleistocene the 
mammal diversity was higher especially because many 
different species of large and megamammals were thriving 
in the Pampean area and the rest of South America. However, 
although the taxonomic diversity was elevated, the number 
of individuals per species and the total biomass in each location 
probably was not high because most of the South American 
glacial ecosystems should not have been very productive. 
During the glacial times, while climate was colder and drier 
in extraglacial areas, open areas expanded and animals and 
plants that were adapted to these environments augmented 
their distribution and biomass (Tonni and Cione, 1997; Tonni 
et al., 1999a; Cione et al., 2003). During the shorter intergla-
cial periods, when temperature was higher than present 
(Thompson, 2000; Blunier and Brook, 2001; Vivo and 
Carmignotto, 2004), an expansion of the forested areas may 
be expected, and with this an increase in the biomass of 
forest dwelling animals, including those that survived the 
Fig. 7.1 Chronological chart of the middle 
Pleistocene-Recent in southern South America 
depicting mammal zones and South American 
ages (modifi ed from Cione and Tonni, 2005) 
and the climatic oscilations represented by (1) 
18O of Vostok, Antarctica (Petit et al., 1999) 
and (2) Dronning Maud Land, Antartica 
(Steig, 2006)
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Pleistocene-Holocene extinction, such as tapirs (Pardiñas 
et al., 1996; see above).
Remarkably, the fossil record does not suggest that these 
cyclic environmental changes either pr duced depletion of 
niches or caused massive extinction of mammals (Cione et 
al., 1999; Tonni et al., 1999b; Nabel et al., 2000). In the 
short interglacial periods, mammals adapted to open areas 
had not necessarily been starving, but populations were 
surely remarkably reduced and under ecological stress. 
Some populations possibly were close to the minimal viable 
number and many surely became isolated so that genetic 
fl ux greatly diminished among them, reducing variability. 
The persistence of South American mammal species through 
a prolonged lapse of important environmental changes could 
be explained according to the Plus Ça Change Model, in 
which morphological stasis over geological timescales tends 
to arise not from the stability of physical environments, but 
from their instability (Sheldon, 1998).
Implications of the Hypothesis to Be Tested
This hypothesis is supported by the climatic evolution of 
the continent, the vegetational history, the positive bio-
stratigraphical evidence, the chronology of extinctions, the 
paleobiogeography of mammals, the adaptation to open 
environments of those mammals that became extinct which 
also were probably k-adapted, the selective disappearance 
of all megamammals and most large mammals, the almost 
nil extinction of middle sized and small mammals and 
other vertebrates, the protected environments where the 
few surviving large mammals live today, and the fact that 
American mammals did not coevolve with humans. 
Morever, the only certain new biological or geological 
event for the middle-late Pleistocene to Holocene that 
occurred in the time of extinction was the entrance of 
humans into the continent.
Fig. 7.2 Map depicting plant distribution in South America (modifi ed from Vivo and Carmignotto, 2004). A. Last Glacial Maximum (the emerged 
shelf is depicted). B. Present day
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7.3 Methods
Dates given here are mostly uncalibrated (BP: radiocarbon 
years before present; see below) and some calibrated (cal bp).
Simulations of South America during LGM with a 
regional climate model coupled with a potential vegetation 
model produce a quantitative picture of LGM climate and 
vegetation distributions that is consistent with the geological 
proxy data. The model indicates a smaller Amazonian rain-
forest through the glacial time, associated with drier condi-
tions (Cook and Vizy, 2006). For comparison of the general 
vegetation for the Recent and the Last Glacial Maximum 
(LGM) we had designed two maps where three arbitrary cat-
egories of vegetational structure were used: open, medium, 
and closely vegetated areas (see Cione et al., 2003; their 
Figs. 2 and 3). For this chapter we have modifi ed the biome 
maps of South America (Fig. 7.2) designed by Vivo and 
Carmignotto (2004) following the data cited in Cione et al. 
(2003) and some new references mentioned below.
In Colombia, pollen indicates that at 18,000 BP a generally 
cool and dry environment is refl ected in biome assignments of 
cold mixed forests, cool evergreen forests and cool grassland/
shrub, the latter extending to lower altitudes than presently 
recorded (Marchant et al., 2004). From 11,150 to 9,100 cal bp, 
grass savanna dominated the landscape while gallery forest 
along the drainage system was poorly developed. Water avail-
ability was lower than today and the length of the dry season 
longer. From 9,100 to 7,330 cal bp gallery forest expanded 
pointing to wetter conditions (Wille et al., 2003).
In São Francisco de Assis in the western Rio Grande do 
Sul State in southern Brazil, the region was naturally covered 
by Campos (grassland) throughout the recorded glacial and 
Holocene period under conditions that were cold and rela-
tively dry, and warm and dry, respectively. Initial expansion 
of gallery forest after 5,170 cal bp indicates a change to wet-
ter climatic conditions. Maximum extent of gallery forest 
after 1550 cal bp refl ects the wettest recorded period (Behling, 
2002; Behling et al., 2002; Behling et al., 2005).
In the Pampean area of Argentina, several paleosols were 
dated at about 10,000 BP, at the Holocene Climatic Optimum 
(HCO), and at about 2,000 BP (Tonni et al., 2001, 2003), 
indicating wetter conditions.
During the LGM, the prominence of hyper-humid vegeta-
tion in southern Chile (north Patagonian and Subantarctic 
forests and parkland) implies sustained, periodic northward 
migration of the southern westerlies. Signifi cant cooling 
events (inferred from the expansion of grass-dominated 
Subantarctic Parkland) occurred between 17,000 and 35,000 
BP. At the end of the last glacial, glacial vegetation was 
abruptly replaced by more temperate Valdivian and Lowland 
Deciduous Forests at 17,000 BP. A brief climate reversal, 
centered on 14,000–12,000 BP, interrupted the unidirectional 
glacial-interglaciation transition. The structure and variabil-
ity of southern Chilean vegetation and climate closely resem-
ble changes in Antarctic ice core data and in marine surface 
offshore (Heusser et al., 2006).
Results
The Pleistocene-Holocene Chronology
The Pliocene to Recent continental sequence of the southern 
South America is the most complete for studying the land 
mammal evolution in the continent for the period. More 
especifi cally, the Pampean stratigraphic sequence gave the 
Fig. 7.3 Map of South America depicting most of the sites mentioned 
in the text. 1. Taima Taima; 2. Muaco; 3. Talara; 4. Cupisnique; 5. 
Huargo; 6. Ayacucho complex; 7. Río Juruá; 8. Cuiabá; 9. Minas Gerais; 
10. Sauce; 11. Tapalqué and Campo Laborde; 13. Cerro La China; 14. 
Tagua tagua; 11. Arroyo Seco; 15. Los Toldos and Piedra Museo; 16. 
Las Buitreras; 16. Cueva del Mylodon, Cueva Lago Sofía, Cueva del 
Medio, Cueva Fell, Pali Aike and Tagua Tagua
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basic framework for the South American late Cenozoic 
chronological scale (see articles in Tonni and Cione, 1999.; 
Tonni et al., 2003; Cione and Tonni, 2005).
It is well known since the 19th century that South 
American mammal faunas underwent marked turnovers in 
taxonomic composition during the Neogene (Ameghino, 
1889; Pascual et al., 1965; Marshall et al., 1984; Tonni et al., 
1992; Cione and Tonni, 1995, 2001, 2005; see papers in 
Tonni and Cione, 1999). The periodic alternation of glacial 
and interglacial epochs during the middle-late Pleistocene 
dramatically modifi ed the distribution, composition, and bio-
mass of plant and animal communities in South America as 
in other regions of the world (Tonni and Fidalgo, 1978; Tonni 
and Politis, 1980; Graham, 1986; Tonni and Cione, 1997; 
Pardiñas et al., 1999, 2004; Tonni et al., 1999a; Whitlock and 
Bartlein, 1997; Haynes, 2002). However, these remarkable 
changes did not necessarily provoke large extinctions 
although many new species appeared (Table 7.3).
The global inception of the glacial periods that character-
ize the middle and late Pleistocene is chronologically related 
to an important turnover in the South American mammal 
fauna. It is represented by the boundary between the 
Mesotherium cristatum and Megatherium americanum 
biozones in the stratigraphic sections of the Pampean area and 
in Bolivia (Cione and Tonni, 1999; Cione et al., 1999; 
MacFadden, 2000; Soibelzon et al., 2005; Cione and Tonni, 
2005; Fig 7.1). Both units provide the biostratigraphic basis 
for the Ensenadan and Bonaerian ages. According to magne-
tostratigraphic analyses in the Pampean area and Bolivia, the 
base of the Bonaerian is younger than 0.78 Ma, probably ca. 
0.5 Ma (Nabel et al., 2000; Cione and Tonni, 2005; Fig. 7.1).
A much smaller turnover has allowed the defi nition of a 
biostratigraphic unit in the Pampean area: the Equus 
(Amerhippus) neogeus biozone (Fig. 7.1). This unit is the 
basis of the Lujanian age and is dated from about 130,000 to 
about 7,000 BP. It is characterized by the fi rst record of some 
mammal taxa and the extinction of other (Pardiñas et al., 
1996; Cione and Tonni, 2005). Overlying the Equus 
(Amerhippus) neogeus biozone is the Lagostomus maximus 
biozone which constitutes the basis for the Platan age, dated 
from about 7,000 BP to the 16th century (Fig. 7.1). In this 
zone, only autochtonous Recent mammals occur, except for 
the peculiar occurrence of the canid Dusicyon avus during 
this period (see below). Consequently, the deposition of sedi-
ments representing this stage appears to have occurred after 
the mammal extinctions in South America. In the Lagostomus 
maximus biozone there are no introduced mammals from the 
Old World, such as cows, sheep and horses. They occur in 
the Bos taurus-Ovis aries biozone (Deschamps, 2005), which 
represent the most recent sediments.
Mammal Diversity during the Middle-Late 
Pleistocene and Shifts in Distributions
An outstanding feature of the South American Neogene ter-
restrial fauna is the presence of a very diverse endemic fauna 
of gigantic mammals (Ameghino, 1889; Simpson, 1980). The 
large size of individuals is striking in the Ensenadan, but also 
continues to be marked in the Bonaerian and Lujanian (Tonni 
et al., 1992). During the Neogene, until the establishment of 
the Isthmus of Panama at about 3 Ma, these very large mam-
mals were mainly endemic notoungulates, litopterns and xen-
arthrans. However, mostly during the Pliocene Chapadmalalan 
and Marplatan ages and the Pleistocene Ensenadan age, many 
other taxa of Holarctic origin appeared in South America, 
most of them represented in the fi rst record by endemic gen-
era and species (Cione and Tonni, 1995, 1996). Many of the 
Holarctic mammals that invaded South America were large 
(e.g., several felids, ursids, tayassuids, equids, camelids, and 
cervids), and some others fall in the category of megamam-
mals (gomphotheriids, some ursids).
The Quaternary was a time of extensive evolution among 
mammals and many of them show adaptations to peculiarly 
Quaternary environments (Lister, 2004). The South American 
middle Pleistocene-earliest Holocene (Bonaerian-Lujanian) 
mammal diversity was signifi catively higher than that of the 
middle Holocene to Recent, because it can be presumed that 
most of the extant mammals (243 genera; 73 genera if we 
exclude Chiroptera, Rodentia, Lagomorpha, Marsupialia and 
Insectivora; Nowak and Paradiso, 1983) were present 
together with those mammals that became extinct in the con-
tinent (49 genera, see Table 7.1). In the particular case of the 
Pampean area, the faunal composition during most of the 
middle and late Pleistocene was also different from the 
Recent one because many of the extant mammals occurring 
there during this interval (except for interglacial times) cor-
responded to those presently living in arid and/or colder 
areas to the south and west. At least 24 species of mammals 
of the Platan or the Recent were documented as inhabiting 
the Pampean region during at least part of the late Pleistocene 
(see Cione et al., 1999, 2003; Cione and Tonni, 2005). Except 
for the absence of the extinct taxa, few “non-analogue” asso-
ciations (see Graham et al., 1996) were documented in the 
Bonaerian, Lujanian and Platan from the Pampean area 
Table 7.3 Large mammal and megamammal pattern of extinction in 
the middle Pleistocene to Holocene of South America
Ages Ensenadan Bonaerian Lujanian
Total number of genera 99 75 68
Number of extinct genera 66 25 43
Percentage of taxa per total  67% 33% 63%
number of large and mega
Duration 1.2 Ma 0.5 Ma 0.01 Ma
Percentage of taxa per duration 55% 50% 358%
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(Cione and López Arbarello, 1994; Pardiñas, 1999, 2004). 
During interglacial times mammals from warmer climates 
occupied the region, and during the glacial times Patagonian 
and western taxa occurred there (Pardiñas et al., 1996; Tonni 
et al., 1999a; Verzi et al., 2002). Actually, there is a very poor 
record of interglacial times probably because they did not 
last as long as the glacial intervals, and also because they 
permitted the development of the kind of soils that foster 
bone destruction (see Retallack, 1998; Tonni et al., 1999b).
Eighty three extinct species and 46 extinct genera of large 
mammals and megamammals occur in putative Lujanian beds 
of South America (from 130,000 yr to about 7,000 BP; Table 
7.1). There is some stratigraphic inaccuracy in several parts of 
South America outside Argentina and some records could cor-
respond to beds of Bonaerian age. This means that some of 
these species might not have been involved in the massive 
extinction at the end of Lujanian. However, the Lujanian of the 
Pampean region appears to be characterized primarily by new 
occurrences, with few extinctions in the top of the Bonaerian 
(Cione et al., 1999; Cione and Tonni, 2005; Table 7.3), per-
haps because some species developed fl exible adaptations 
enabling them to inhabit broad niches and to survive major 
environmental changes (Lister, 2004), although some evolved 
fi xed adaptations to specialist habits. The large mammals that 
became extinct at the end of the Pleistocene and beginning of 
the Holocene were adapted to open environments. Certainly, 
they could fi nd such environments somewhere in the continent 
both during the glacial and interglacial periods.
The total mammal generic diversity during Lujanian times 
could have been as high as 286 genera (49 extinct genera 
plus 243 Recent genera; Tables 7.1, 7.2). The total large 
mammal (and megamammal) diversity present during 
Lujanian times could have been as high as 83 species distrib-
uted into 48 genera. Most of the Lujanian taxa that became 
extinct were large mammals and megamammals.
The well studied Guerrero Member of the Luján Formation 
in the Pampean area, dated between 21,000 to 10,000 BP 
(Tonni et al., 2003), and other units in different parts of South 
America with radiometric dates include at least 52 species 
distributed into 38 genera (49 large and megamammal species 
plus 3 smaller mammal species and 35 large and megamam-
mal genera plus 3 smaller mammal genera) (see below).
Was the South American Fauna Declining 
during the Pleistocene?
Present evidence indicates that the large-mammal and 
megamammal fauna was very well diversifi ed at the end of 
the Pleistocene and did not suffer from any kind of declining 
trend in previous time intervals. Some South American 
clades were declining in diversity since the Great American 
Biotic Interchange. Litopterns and notoungulates as well as 
marsupials and large ground birds probably suffered from 
competition with Holartic taxa. However, xenarthrans con-
tinued being much diverse although many new genera of 
Holarctic origin integrated in the ecosystems, with eight 
families during the Chapadmalalan to Ensenadan (Cione and 
Tonni, 1995). Consequently, the fauna was changing but was 
highly diverse and abundant. There is no evidence that the 
extinction rate rose during the the glacial periods of the mid-
dle and late Pleistocene (see Tonni et al., 1992; Cione and 
Tonni, 2005). Moreover, the number of megamammals in 
South America was the largest in the world at this time.
Youngest Records of Extinct Mammals in South 
America
The youngest beds where now-extinct mammals (with the 
exception of Dusicyon avus) have been found in South 
America are Lujanian in age. Several of these Lujanian 
localities appear to be early Holocene in age. In North 
America, there is agreement that the extinctions took place 
before the beginning of the Holocene, before 10,500 BP 
(Roy, 2001; Haynes, 2002).
In the river valleys of the South American Pampean region, 
no extinct mammal has been found in the typical Río Salado 
Member of the Luján Formation or correlative units, except 
for the peculiar case of Dusicyon avus (see below). The 
Lagostomus maximus biozone (and the Platan) begins in the 
base of this member (Cione and Tonni, 1995). The Río Salado 
Member is correlated with at least the middle Holocene Las 
Escobas Formation marine beds which were dated between 
ca. 6,500 to ca. 2,000 BP. Their deposition coincides with the 
high sea-level of the Holocene Climatic Optimum (HCO) 
(Tonni and Fidalgo, 1978; Fidalgo, 1992; Aguirre and 
Whatley, 1995). Eleven 14C ages based on molluscan shells 
and total organic matter were obtained from transitional beds 
between the Guerrero and Río Salado members of the Luján 
Formation in sections at the Arroyo Tapalqué (central Buenos 
Aires province; Fig. 7.3) ranging between 9,710 ± 110 BP 
and 8,810 ± 140 BP (Figini et al. 1995; Zárate et al. 1995; 
Cione et al., 2001). In the divides of the Pampean region, no 
extinct mammal occurs in the uppermost beds of La Postrera 
Formation (of middle to late Holocene age).
Certainly, the best-known mammal faunas in the South 
American upper Pleistocene are those found in the Guerrero 
Member of the Luján Formation, the La Postrera Formation in 
the Pampean area, and the correlative Dolores Formation of 
Uruguay (Ameghino, 1889; Prado et al., 1987; Alberdi 
et al., 1988; Tonni et al., 1992; Martínez, 1997; Cione et al., 
1999; Ubilla and Perea, 1999). According to stratigraphic rela-
tionships and isotopic dating, the Guerrero Member was deposited 
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between 21,000 BP and earliest Holocene (Tonni et al., 2003 and 
papers cited therein). The localities most accurately dated are 
Tapalqué and Paso Otero (Tonni et al., 2003; Fig. 7.3).
In addition to those records, in the uppermost Pleistocene 
beds (dated between 20,000 and 10,000 BP) of several sites 
in Argentina, Chile, Peru, Uruguay, and Venezuela (Fig. 7.3), 
the extinct species shown in Table 7.4 were documented. 
Many of these records were based on dates directly from 
bones, and dating carried out on the basis of other materials 
is suffi cient to support that timing to the last 20,000 BP.
There are several other records that are doubtful, at best. 
The identifi cation of Lama cf. owenii is here dismissed (Nami 
and Nakamura, 1995). The Bonaerian genus Antifer was incor-
rectly cited for the latest Pleistocene of Buenos Aires and Chile 
by Aramayo (1997) and Casamiquela (1999). The Mylodon 
species that is recorded in Patagonia appears to be M. listai and 
Table 7.4 Additional records in the uppermost Pleistocene beds (dated between 20,000 and 10,000 BP) of several sites in Argentina, Chile, 
Peru, Uruguay and Venezuela
Taxa Locality RCYBP Reference
Mylodon listal Cueva del Milodón, southern Chile Borrero (1997)
Megatherium tarijense Ayacucho complex, Peru 18,000−15,000 Hoffstetler (1986)
Megatherlidae indet. Ayacucho complex, Peru 12,200 Mc Neish et al. (1970)
Glyptotherium cf. cylindricum Taima Taima, Venezuela 12,580 ± 150 Carlini and Zurita (2006)
Glyptotherium cf. cylindricum Muaco, Venezuela 13,390 ± 130 Carlini and Zurita (2006)
Eutatus seguini Cerro La China, Cueva Tixi, Buenos 
Aires, Argentina
Flegenheimer and Zárate (1997), 
Mazzantl (1997)
Scelidodon Talara, Peru 13,616 ± 600 and 14,418 ± 500 Hoffstetter (1970), Marshall et al. 
(1984)
Scelidotheríum Huargo, Peru 13,400 ± 700 Hoffstetter (1986)
Glossotherium aff. G. lettsoml Santa Elina Rockshelter, Cuiaba, 
Brazil
23,320 ± 1000 and 10120 ± 60 Vialou (2003)
Holmesina Talara, Peru Hoffstetter (1970), Marshall et al. 
(1984)
Eremotherium Cupisnique, Peru Marshall et al. (1984)
Lestodon Sauce, Uruguay Arribas et al. (2001)
Macrauchenia Cueva del Mylodon, southern Chile. Borrero (1997)
Macrauchenia Taima Taima, Venezuela Gruhn and Bryan (1984)
Onohippidion saldiasi Cueva del Mylodon, Piedra Museo, 
Los Toldos, Las Bultreras, Cueva 
Lago Sofi a, Cueva del Medio, 
Fell, Pali Aike, Cerro Sota; 
southern Chile and Argentina
Alberdl and Prado (1992), Miotti 
(1993), Borrero, (1997), 
Alberdi et al. (2001)
Onohippidion saldiasi Huargo, Peru 13,400 ± 700 Hoffstetter (1986)
Lama gracills Los Toldos, Piedra Museo, southern 
Patagonia
Miotti and Cattáneo (1997), 
Borrero (1997), Borrero et al. 
(1998)
Equus (Amerhippus) neogeus Tagua Tagua, Chile Casamiquela (1999)
Equus andium Ayacucho complex, Peru Hoffstetter (1986)
Equus Taima Taima, Venezuela Gruhn and Bryan (1984)
Hippidion Taima Taima, Venezuela Gruhn and Bryan (1984)
Cuvieronius humboldti Monte Verde, Chile 11,900 ± 200 Borrero (1997)
Stegomastodon Talara, Perú Hoffstetter (1970)
Stegomastodon Taima Taima, Venezuela R. Casamiquela in Gruhn and 
Bryan (1984)
Palaeolama Cupinisque, Peru F. Pujos, personal communication
Palaeolama Monte Verde, Chile Casamiquela and Dillehay (1989 
fi de Borrero, 1997: 91)
Antifer niemeyeri Tagua Tagua, Chile Casamiquela (1999)
Dusicyon avus Cueva las Buitreras, Cueva Tixi, 
Argentina
Mazzanti (1997), Borrero (1997), 
Borrero et al. (1998)
Smilodon Cueva Lago Sofi a, southern Argentina 11,210 ± 50 Borrero (1997)
Arctotherium tarijense Pali Aike Nacional Park, Chile Solbelzon (2002), Prevosti et al. 
(2003)
Arctotherium tarijense Rio Negro, Uruguay 11,600 ± 130 Ubilla and Perea, (1999), Soibelzon 
et al. (2005)
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not M. darwinii (Gustavo Scillato Yané, personal communica-
tion). Panthera onca mesembrina is here considered as indis-
tinguishable from the living jaguar (Panthera onca).
Table 7.5 shows 16 different extinct taxa documented in 
dated South American units of putative early Holocene age. 
Other extinct taxa were reported in the Holocene of West Indian 
islands (ground sloths; Steadman et al., 2005) and Alaskan 
Bering Sea islands (mammoths; Guthrie, 2003), among others.
The youngest dated remains of extinct fauna in South 
America (excepting Dusicyon avus) occur in the La Moderna 
site, Campo Laborde, and Arroyo Seco 2 sites (Fig. 7.3), all 
in the Pampean area. The fossils recorded at La Moderna 
include the glyptodonts Neosclerocalyptus (=Sclerocalyptus) 
and Glyptodon, and an indeterminate mylodontid. They 
occur in a bed (UL a’ of Zetti et al., 1972; see discussion in 
Politis and Gutiérrez, 1998) transitional between two mem-
bers of the typical Luján Formation: the Guerrero Member 
and the Holocene Río Salado Member. According to Politis 
et al. (1995) and Politis and Gutiérrez (1998), bones of the 
glyptodont Doedicurus clavicaudatus yielded dates between 
7,500 to 7,000 BP. Other authors suggested that some young 
contaminants could have rejuvenated the samples (Borrero 
et al., 1998). However, Politis and Gutiérrez (1998) even men-
tion that a sample that gave an older date (LM-2-4; 12,350 ± 
370 BP) was redated with a better treatment and gave younger 
dates (7,010 ± 100 and 7,510 ± 370 BP; Beukens, 1992, 
unpublished report fi de Politis and Gutiérrez, 1998). Recently, 
Politis et al. (2003) reported new radiocarbon dates from the 
soil humates fraction of La Moderna sediments that support 
the current accepted chronology of ca. 7,000–7,500 BP.
In the Arroyo Seco 2 site, a diverse extinct fauna was 
dated from 12,240 ± 110 BP to 7,320 ± 50 BP (Politis et al., 
1995, 2004). It includes Megatherium americanum, cf. 
Mylodon, Glossotherium robustum, Equus (Amerhippus) 
neogeus, Hippidion sp., Toxodon platensis, Macrauchenia 
patachonica, and Hemiauchenia sp. (Fidalgo et al., 1986; 
Tonni, 1990; Politis et al., 1995; Politis and Gutiérrez, 1998). 
Only Megatherium americanum, Hippidion sp., and Equus 
(Amerhippus) neogeus were argued to have been human food 
resources at this locality (Politis and Gutiérrez, 1998). In the 
same site, a human burial accompanied by a grave offering 
dated at 7,800 to 6,300 BP included a Glyptodon osteoderm 
close to the human skull with which it seemed to be contem-
poraneous (Politis and Gutiérrez, 1998).
At the Campo Laborde archeological site, three AMS 14C 
dates were obtained from Megatherium americanum bones. 
These dates correspond to the early Holocene, between 7,700 
and 8,800 BP (Messineo and Politis, 2006).
A Holocene date (8,639 ± 450 BP) based on bones of 
Mylodon, Lama, and horse found at Pali Aike, Santa Cruz, 
Argentina was considered as a minimal age for that site (see 
Borrero, 1997).
Gomphotheriidae and Scelidotherinae remains were 
found in a bed overlying mylodontine remains dated 8,660 ± 
150 BP in Tafí del Valle (Tucumán; Collantes et al., 1993).
In northern Uruguay, Suárez (2003) reports Glyptodon 
remains at a cultural component dated between 9,120 ± 40 
BP and 8,570 ± 150 BP.
Bones of Dusicyon avus, without evidence of human 
association, were recovered from levels dated at 4,865 ± 65 
BP in the Cueva Tixi and also in youger beds at Zanjón 
Seco 2, both in the Pampean area (Politis et al., 1995; 
Mazzanti and Quintana, 1997). The late disappearance of 
the species Dusicyon avus was not considered as a real 
extinction but a hybridation with other canids (Berman and 
Tonni, 1987). A date of 4,300 BP for a carapace of a glypto-
dont (Rosello et al., 1999) was considered unsupported by 
Cione et al. (2001).
In summary, we counted at least 52 species and 38 genera 
of confi rmed extinct mammals in beds deposited between 
20,000 to 10,000 (probably 7,000) BP in South America. 
These taxa certainly disappeared in the last massive extinc-
tion. There are many other mammals documented in Lujanian 
beds of South America for which we do not have certitainty 
if they reached this period (Table 7.1). Future work will con-
fi rm or reject this hypothesis.
Table 7.5 Extinct mammal taxa documented in dated South American units of putative early Holocene age
Taxa Locality Reference
Doedicurus clavicaudatus, Sclerocalyptus, 
Glyptodon, Scelidotherinae indet., 
Megatherium americanum, probably 
Glossotherium robustum, Equus 
(Amerhippus) neogeus, Hippidion, Toxodon 
platensis, Macrauchenia patachonica, 
Hemiauchenia, Gomphotherildae, Dusicyon 
avus.
Pampean area, Tucumán, and Patagonia 
of Argentina and southern Chile
Fidalgo et al. (1986), Coliantes et al. (1993), 
Politis et al. (1995), Borrero (1997), Borrero 
et al. (1998), Politis and Gutierrez (1998)
Eremotherium mirabile, Stegomastodon waringi, 
Arctotherium wingei
Cedeño District, Venezuela Linares (1993), Linares [Au1]
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Mammal Biogeography during the Last Glacial 
and Postglacial
South America is a continent marked by the Andean infl u-
ence and the remarkable latitudinal extension (see Cabrera 
and Willink, 1973). Most of the knowledge about latest 
Pleistocene mammals is based on fossils from southern South 
America. However, increasing records and new systematic 
studies allow recognition of patterns of distribution of many 
species (e.g., Cione et al., 2005; Scillato-Yané et al., 2005; 
Soibelzon et al., 2005). Some species were wide-ranging in 
the continent (e.g. Smilodon, Panthera, Arctotherium, Equus, 
Hippidion, Hemiauchenia). We devised several geographic 
patterns for several large mammal and megamammal taxa 
(Fig. 7.4). Notwitstanding the different distribution patterns, 
all became extinct.
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Fig. 7.4 Distribution of some extinct large and megamammals in South 
America during the Late Pleistocene. A. Stegomastodon waringi and S. 
platensis (modifi ed from Cione et al., 2005); B. Arctotherium tarijense 
and A. wingei (Soibelzon et al., 2005); C. Eremotherium and Megatherium 
(Cartelle, 1994; Pujos and Salas, 2004); D. Holmesina majus, H. occi-
dentalis and H. paulacoutoi (modifi ed from Scillato-Yané et al., 2005); 
E. Pampatherium typum and P. humboldti (modifi ed from Scillato-Yané 
et al., 2005); F. Xenorhinotherium bahiense and Macrauchenia pata-
chonica (Melo et al., 2005; Carlini and Tonni, 2000)
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Oldest Human Presence in South America
In South America, archeological evidence indicates that the 
continent was occupied by several distinct groups at the end 
of the Pleistocene (around 13,000–11,000 BP; Borrero et al., 
1998). Some of the dated sites with humans for this period 
are: Taima Taima (ca. 13,000 BP) and El Jobo complex (both 
sites in the Estado de Falcón,Venezuela; see Gruhn and 
Bryan, 1984; Politis and Gutiérrez, 1998); Tibitó, Bogotá 
basin, Colombia, dated 11,740 ± 110 BP (see Gruhn, 1997); 
four different cultural complexes in Peru dated between 
10,000 and 12,000 BP (Cardich, 1977); Quereo, near Los 
Vilos, Chile, dated 11,600 ± 190 BP (see Gruhn, 1997); 
Tagua Tagua, Chile, dated 10,200 BP and 9,900 BP (Núñez 
et al., 1994); Monte Verde, a site with mastodont and paleo-
camelid remains located in southern Chile dated ca. 12,000 
BP (Dillehay, 1989; however, also see Fiedel, 1999); Pedra 
Pintada, Amazonia, Brazil, dated ca. 11,100 BP (Roosevelt 
et al., 1996); Lapa do Boquete, Minas Gerais, Brazil, dated 
12,070 BP to 11,000 BP (see Gruhn, 1997); Abrigo de 
Santana do Riacho, Minas Gerais, Brazil, dated 11,960 ± 250 
BP (see Gruhn, 1997); for supposed dates of ca. 13,000 BP 
in southern Brazil, see Schmidt Dias and Jacobus (2002); 
Los Toldos (11 level of Los Toldos, Santa Cruz, Argentina, 
dated 12,600 ± 600 BP; Cardich (1977); Cueva del Lago 
Sofía, Santa Cruz, Argentina, dated 12,990 ± 490 BP and 
11,570 ± 60 BP; Politis et al., 1995), Tres Arroyos (Tierra del 
Fuego, Argentina, dated 11,800 ± 250 BP; Politis et al., 
1995); Cerro La China and Cerro El Sombrero, Argentina, 
dated ca. 11,000-10,000 BP (Flegenheimer and Zárate, 
1997); and the Piedra Museo site, Santa Cruz, Argentina, 
which corresponds to a time between 12,890 and 10,300 BP 
(Miotti, 1993; Miotti and Cattáneo, 1997; Borrero et al., 
1998; Ramírez Rozzi et al., 2001).
In the Holocene, there are many localities with cultural 
remains or human bones, some of which are of putative early 
Holocene age and include extinct fauna (see above).
The oldest widely accepted human presence in North 
America south of Alaska is dated at about 11,500 BP 
(Pielou, 1992: 112; Ward, 1997; Haynes, 2002; but see 
Fiedel, 1999).
Discussion
Climate When Humans Entered 
in South America
After the last glacial maximum (LGM; 20,000-18,000 BP), 
temperatures began to rise (Clapperton, 1993a,b; Petit et al., 
1999; Thompson, 2000; Blunier and Brook, 2001; Steig, 2006). 
However, climate appears to have continued to be relatively dry 
in South America for several thousand years and humans seem 
to have entered southern South America when climate was still 
relatively dry (Fig. 7.1; Iriondo, 1997, 1999; Carignano, 1999; 
Tonni et al., 1999a). Ice cores from South America, Greenland, 
and Antarctica indicate that there was a peak of temperature 
followed by a decrease at about 12,700 and 10,300 BP (the 
Antarctic Cold Reversal and the Younger Dryas chronozone; 
see McCulloch et al., 2000). After this, there was a steep 
increase in temperature near the Pleistocene-Holocene bound-
ary (Fig. 7.1; Thompson, 2000; McCulloch et al., 2000). In the 
Pampean area, at about 10,000 BP, development of dated paleo-
sols indicate a change to wetter conditions (Fidalgo et al., 1975; 
Tonni and Fidalgo, 1978; Zárate et al., 1995; Prieto, 1996; 
Tonni et al., 1999a; Cione et al., 2001: Figure 5. This series of 
climatic events is in agreement with ice cores and other tem-
perature evidence (Thompson, 2000; McCulloch et al., 2000). 
Consequently, a substantial change to warmer and wetter 
climate occurred in South America at about 10,000 BP. During 
the Holocene Climatic Optimum, humid conditions were also 
documented in Argentina and Brazil (see Tonni et al., 2001; 
Vivo and Carmignotto, 2004).
According to the ice record in Greenland and Antarctica 
and to the local evidence, the present interglacial is not essen-
tially different enough from the precedent ones to have 
caused extinctions.
Which Animals Became Extinct?
The extinctions were notably size-selective. In North America, 
some very large mammals (below the size of megamammals, 
but weighing almost a ton) survived the great extinction (e.g. 
bison, polar bear). In South America there are no very large 
mammals, because no megamammal survived.
Regarding the extinct taxa in South America, more than 
70% of megamammal species and 55% of the large mammal 
species were xenarthrans (this fi gure results from the most 
recent revisions; see Scillato-Yané et al., 1995; Carlini et al., 
1999). No megaxenarthran and only one large xenarthran 
survived. On the contrary, no small xenarthran became 
extinct, notwithstanding that there were many medium-sized 
and small xenarthrans present. As well, the last notoungu-
lates, litopterns, and gomphotheriids disappeared.
Of the 14 species of large mammals that presently occur 
in South America, 12 are of Holarctic origin and two are of 
South American origin. The proportion of extinct mammals 
of South American origin is large because almost all the 
large xenarthrans and all litopterns and notoungulates disap-
peared (Tonni et al., 1992; Cione et al., 1999). Only one large xen-
arthran (Priodontes maximus) and a caviomorph (Hydrochoerus 
hydrochaeris) survived the large mammal extinction. A small 
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number of extinct mammals with a body mass under 44 kg is 
documented in Table 7.6.
Consequently, the latest Quaternary extinction in South 
America was strongly biased towards large mammals and 
megamammals (about 90% of the species; Table 7.1), includ-
ing those of both South American and Holarctic origin.
South American Extinct Mammals were 
Adapted to Open Environments
Although the 83 species of large and mega-mammals that 
became extinct in South America include species with differ-
ent feeding habits, nearly all seem to have been adapted to 
open environments (Webb and Marshall, 1982; Marshall 
et al., 1984; Bond et al., 1995; Tonni and Scillato Yané, 1997; 
Table 7.1). Moreover, many were even adapted to arid envi-
ronments. A possible exception is the capybara Neochoerus 
aesopy of presumed amphibious habit.
Glyptodonts, tardigrades, toxodonts, equids, and came-
lids were grazers; litopterns and perhaps gomphotheriids 
were browsers; daypodiids are omnivores; smilodons, 
ursids, and the canid Dusicyon avus were carnivores. 
Although Gomphotheres have been traditionally consid-
ered as browsers, grass phytolith assemblages in feces from 
three individual animals contained similarly high concen-
trations of pooids, suggesting that grasses were a signifi -
cant part of the diet. Abundant pooid phytoliths, in addition 
to diatoms, indicate that these individuals grazed in cool 
and moist late Pleistocene environments (Gobetz and 
Bozarth, 2001).
Constraints Related to Life-History Traits in 
Megamammals and Large Mammals
Some important megamammal life-history traits may have 
contributed to the extinction process because they made 
some species more susceptible to extinction than other mam-
mals (Cione et al, 2003), especially when considered in the 
context of human hunting.
The age at which sexual maturity is attained is an impor-
tant factor to be considered since it informs about how long 
a female must survive in the ec system to reach the age of 
fi rst reproduction. In this regard, the sexual maturity of 
almost all extant female megammamals is greater than 10 
years (Nowak, 1999); hence, a female must survive more 
than 10 years in nature to have its fi rst offspring.
Johnson (2002) demonstrated correlations of both body 
mass and reproductive rate with extinction in mammals, and 
showed that extinction eliminated species at nearly the same 
threshold of reproductive rate in all groups, regardless of dif-
ferences between groups in distributions of body size. He 
found that over all groups, the mean reproductive rate at which 
the probability of extinction reached 0.5 was 0.98 offspring 
female −1 yr −1. The correlation does not necessarily imply that 
a female will produce young every year (Nowak and Paradiso, 
1983), but does seem to suggest that an average of less than 
one young per year gives a taxon < 50% chance of surviving.
The length of the gestation period is positively correlated 
with body mass in extant eutherian mammals. If we consider 
only terrestrial mammals, the longest period is that of elephants 
(668 days). At least in the last third part of that period the female 
is more vulnerable to predators and hunters due to reduced abili-
ties to take evasive actions related to its added mass.
The length of lactation in mammals ranges almost three 
orders of magnitude, from 4 to 5 days to over 900 days. 
Although extremely short lactation lengths (<10 d) are rare, 
long lactation lengths (>500 d) are common for large-bodied 
species with single offspring (Hayssen and van Tienhoven, 
1993). For mammals the length of lactation is positively cor-
related with adult female mass. The maintenance of the par-
ent and offspring bond during lactation and after weaning is 
crucial to offspring growth, development, and protection 
against predators and other threats, as well as necessary for 
learning from their parents the location of food, nest sites, 
etc. (Hayssen, 1993). Hence, a young offspring needs its par-
ents (at least its mother) to survive the fi rst years.
Table 7.6 Extinct mammals with a body mass under 44 kg
Taxa Locality South American age/stage Reference
Canis dirus Peru Lujanian Hoffstetter (1970)
Dusicyon avus Argentina Lujanian-Platan Berman and Tonni (1987)
Protocyon orcesi Ecuador Bonaerian-Lujanian Hoffstetter (1970)
Protocyon troglodytes Brazil Lujanian Cartelle (1994)
Valgipes deformis Brazil Lujanian Cartelle (1994)
Eligmodontia n. sp. Argentina Lujanian Pardiñas (1999)
Microcavia robusta Argentina Lujanian Quintana (1996)
Ctenomys lujanensis Argentina Lujanian Morgan (1999)
Desmodus draculae  Lujanian Morgan (1999)
Protopithecus brasiliensis Brasil Lujanian Cartelle (1994)
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Gregarious behavior of potential prey was explained by 
Hamilton (1971) on the basis of risk-sharing: the probability 
of being picked up by a predator is small when one is part of 
a large aggregate of prey. These defenses were evolved for 
“natural” predators (i.e., members of the Carnivora) but the 
Pleistocene humans did not behave the same as natural pred-
ators. For example, this is the case of armored xenarthrans, 
which humans would have hunted differently from carni-
vores which depended on claws and teeth, weak weapons 
against the xenarthran defenses. In our view, technology (i.
e,. the use of fi re and rocks and others primitive weapons) 
and superior intellect constitute the difference between 
humans and other predators, hence some behavioral defenses 
of megamammals against natural predators would not be as 
effective as against humans.
There is correlation between population density and 
body size, resulting from the simple fact that for animals 
with similar metabolic processes (e.g., homeotherms), 
existing at the same trophic level (e.g., herbivores), equal 
amounts of biomass can be consumed by many individuals 
(Wagespack and Surovell, 2003). In this sense, it is impor-
tant to note the amazing differences in population density 
between taxa with different body masses (see Table 1 in 
Wagespack and Surovell, 2003). In addition, several lines 
of theory link abundance with species richness. Clades 
whose species tend to be locally abundant will produce 
new species at a faster rate than clades of rare species 
(Isaac et al., 2005). If speciation rate is directly propor-
tional to global population size (Hubbell, 2001) and abun-
dance is a measure of global population size (Gaston, 
1994), then abundance provides a natural buffer against 
extinction and leads to the accumulation of species (Isaac 
et al., 2005). Also, Kay (2002) suggests that large mam-
mals and megamammals were few because they were lim-
ited in number by predators and, especially during the 
glacial periods, by the low basic plant productivity (see 
also Pielou, 1992).
American Mammals were Not Adapted to 
Humans
Many of the South American late Pleistocene mammals were 
of Holarctic origin. However, it is certain that neither these 
animals nor those of South American origin evolved in contact 
with humans. Quite certainly, these animals had not developed 
prevention refl exes against human hunting practices. There is 
no doubt that Paleoindians both in North and South America 
were at least occasionally big-game hunters, notwithstanding 
that they also used other resources for subsistence (Martin and 
Klein, 1984; Neves and Cornero, 1997; Borrero et al., 1998; 
Politis and Gutiérrez, 1998; Haynes, 2002).
Which of the Mammals Survived in South 
America?
No megamammal survived in South America and the only 
relatively large mammals that avoided extinction are inhabit-
ants of areas of relatively diffi cult access for humans, such as 
(1) forests and cerrados (tapirs, Tapirus terrestris; large 
armadillos, Priodontes giganteus; peccaries, Catagonus 
wagneri; and some deers, Blastoceros dichotomus; 
Hippocamelus bisulcus); (2) mountainous areas (spectacled 
bear, Tremarctos ornatus; other tapirs, Tapirus pinchaque 
and Tapirus bairdii; vicuña, Lama vicugna; and deer, 
Hippocamelus antisensis); and (3) wetlands (carpinchos, 
Hydrochoerus hydrochaeris; cervids, Ozotoceros bezoarti-
cus) (Johnson, 2002; Cione et al., 2003; Barnosky et al., 
2004). Priodontes giganteus has also nocturnal habits. Other 
large tetrapods that survived are the more fully aquatic verte-
brates such as river dolphins, manatees, seals, sea lions, and 
caimans; see Cione et al., 2000). The other survivors are 
some eurytopic species such as large carnivores (Panthera 
onca, Puma concolor). The guanaco is a special case because 
it is one of the most frequently cited taxa in archeological 
sites, but once again we could fi nd an explanation in its life-
history traits: the age of maturity in females is one year, the 
gestation period is 335 days, the reproductive rate is one off-
spring a year, the lactation period is six to 12 weeks and the 
parental care lasts one year, and the population density is 
2.13 individual km2 −1(Sarno and Franklin, 1999; Nowak and 
Paradiso, 1983; Montes et al., 2000). Consequently, guanaco 
does not appear to be a species easy to extinguish. Besides, 
guanacos are fast, numerous, and have montane populations. 
In addition, there is evidence in the Andean region of early 
domestication of the guanacos (Pires Ferreira et al., 1976; F. 
Pujos, personal communication). The jaguar and puma 
include a large variety of prey in their diets and certainly 
were not especially adapted to feed on only those big herbi-
vores that became extinct.
Man as a Hunter
Waguespack and Surovell (2003; also, this volume) ) ana-
lyzed the zooarcheological record of North America and 
arrived at the conclusion that North American Paleoindians 
were big game specialists. The ratio between hunt effort and 
food obtained is obviously higher for a megammamal than 
for others mammals. Recently some authors (Grayson and 
Meltzer, 2003; Cannon and Meltzer, 2004) have expressed 
doubts about the role of man as a megafaunal specialist 
hunter. However, this is not indispensable for explaining the 
South American extinction.
Gary Haynes_Ch07.indd   137 7/18/2008   11:32:54 AM
Un
co
rre
ct
ed
 P
ro
of
138 A.L. Cione et al.
Lyons et al. (2004) analyzed the presently threatened 
and endangered mammals and found that those mammals 
menaced by human hunting were signifi cantly larger than 
those subject to different extinction pressures. Thus, the 
prediction that early human hunters preferentially targeted 
large mammals is substantiated by modern hunting prac-
tices. In the scenario presented here a blitzkrieg is not nec-
essary to explain the extinction. Only a moderate and 
occasional hunting of females (solitaries or with offsprings), 
juveniles, or offsprings is necessary to produce extinction 
in a few thousand years. Certainly, most xenarthrans would 
be not diffi cult to kill by trained hunters. Moreover, we 
consider that there was no time after the entrance of humans 
to allow the megamammals to evolve biological compensa-
tions for avoiding extinction.
The archeological evidence indicates that the overhunting 
was focused on guanacos and deer, which, paradoxically, are 
those mammals that survived the extinction. The scarcity or 
infrequent occurrence of megammamals in archeological sites 
more likely implies that these mammals were less abundant in 
the area, not that they were ignored or inaccessible to humans 
(see also Kay, 2002). Note that horses are infrequent in the 
archeological sites but were not more diffi cult to hunt than 
guanaco or deer; hence, a possible explanation is a reduced 
population. Another explanation is provided by Gary Haynes’s 
observations (in Fiedel and Haynes, 2004) on modern killsites 
(both cultural and non-cultural) in Africa. Haynes observed 
that modern death sites are rarely preserved (less than 0.01% 
or less of total number being killed or dying naturally). Indirect 
evidence of hunting of some large mammals not recorded in 
archeological contexts was obtained from blood residue on 
lithic points (Kooyman et al., 2001). In South America, more 
than 15 extinct large mammals and megamammals were 
reported in association with Paleoindian sites (see above). 
However, many marks on bones should be taken with precau-
tion as a direct evidence of hunting (F. Martin, 2003; pers. 
comm.)
How Many Humans were Required for the 
Extinction?
Simulations of human foraging on multiple prey yield the 
idea that overkill of slowbreeding prey is more likely when 
hunter populations became large (see Barnosky et al., 2004). 
However, according to the model of Alroy (2001), the num-
ber could be small (see also Kay, 2002), especially if we con-
sider the putative reduced number of megamammals and 
large mammals in the continent (see above; see also Haynes, 
this volume).
Large Extinct Carnivores
Large carnivores such as the short-faced bears of genus 
Arctotherium and the large saber-tooth cat Smilodon populator 
also became extinct (Soibelzon, 2002). Using phylogenetic 
comparative methods, Cardillo et al. (2004) show that extinc-
tion risk in the mammal order Carnivora is predicted more 
strongly by biology than exposure to high-density human pop-
ulations. What was the human impact on carnivores competing 
for prey and carcasses? As Van Valkenburgh (2001) explains 
for Africa, if early Homo was consuming large prey regularly, 
it is probable that prey were often acquired by confrontational 
scavenging, as well as perhaps hunting, and this would be pos-
sible only because Homo had suffi cient intelligence to over-
come the superior strength, speed, and weaponry of the many 
other predators. Moreover, if we consider that humans who fi rst 
inhabited America had advanced weaponry technology, it is 
easy to imagine that the resource competition with the medium 
to large carnivore/omnivore fauna was probably unequal. In 
this regard, we wonder what was the responsibility of man in 
the extinction of the medium to large carnivores/omnivores.
On the other hand, the absence or reduced number of top 
predators in the ecosystem could have large effects on the 
structure of the entire community. Both empirical and theo-
retical studies have shown that the loss of a top predator can 
trigger a cascade of secondary extinctions (Borrvall and 
Ebenman, 2006, and papers cited therein).
Wilmers and Getz (2005) and Wilmers and Post (2006) 
demonstrated that the presence of top predators provide 
insurance against the effects of climatic change. Wilmers et 
al. (2006) studied the consequences of the absence of wolves 
in two ecosystems and concluded that the top predators have 
buffering effects on changes in populations numbers (of 
other taxa) caused by climatic variations. Regardless of the 
importance of specifi c predators in particular systems, 
Wilmers et al.’s (2006) fi ndings strongly support the hypoth-
esis that intact food webs including top predators appear to 
be more resistant to stress. Bottom-up factors thus appear to 
be more important when food chains are shortened and top-
down control is reduced (Sala, 2006).
We do not reject the possibility that some herbivores could 
also have been exterminated by cascade effects (see Owen-
Smith, 1987).
Timing of Extinction in the Americas
From a biogeographic point of view, if humans fi rst entered 
South America from North America, and if the extinction 
was caused by them, it would have to be accomplished earlier 
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in North America than in South America. Not surprisingly, 
the youngest records of extinct mammals in North America 
are dated at 10,370 BP (i.e., latest Pleistocene; Beck, 1996) 
while in South America, the youngest records appear to cor-
respond to the early Holocene. However, the dispersal of 
humans in South America could have been very fast. 
Youngblood (2002) calculated that humans could have trav-
eled from Beringia to central Chile in 250 years. Available 
evidence suggests that the extermination process lasted lon-
ger in South America than in North America. This long last-
ing process could have been related to the peculiar climatic 
history and biocenotic evolution of each continent.
In Summary
The distribution and biomass of the fl ora and fauna had 
strongly fl uctuated many times during the middle-late 
Pleistocene in a Zig-Zag but we have not identifi ed important 
extinctions until the end of the Pleistocene and the beginning 
of the Holocene. However, almost all living mammal species 
make their fi rst appearance in the Pleistocene (Lister, 2004).
The studies based on geochemical and dust proxies in 
Greenland, Antarctica, and South American glaciers attest 
that the present interglacial is not substantially different to 
the precedent ones.
The arrival of humans in South America was the sole new 
biological or geological event that occurred in the present 
interglacial.
The late Pleistocene and earliest Holocene South American 
mammal fauna was very different from the Recent not only 
by the presence of many extinct very large mammals but also 
because of the different distribution of many animal and plant 
species.
All megamammals (37 species) and most large mammals 
(46 species) present during the late Lujanian (latest Pleistocene-
earliest Holocene) became extinct in South America. Several 
did not overlap their geographical distributions.
Many of the extinct mammals were large and scarce. 
Females probably reached sexual maturity late, had a very 
long gestation period (one year or more), and prolonged 
parental care, implying one offspring in two or three years, 
and had a total low number of offsprings during life.
Pleistocene megamammals and extinct large mammals 
were mostly adapted to open areas. The shrinking of open 
areas in the interglacials (including the present) provoked 
population fragmentation. Thus, the populations that origi-
nally inhabited the large open areas became isolated in large 
“islands” (see Haynes, this volume, and the discussion of 
sources and sinks). The consequences of population isolation 
is gene fl ow interruption. The main disadvantage associated 
with gene fl ow interruption is the loss of genetic variability 
which offers some population “resistance” to new diseases, 
environmental severities, etc., and the emergence of genetic 
problems associated with inbreeding. On the other hand, nat-
ural barriers prevented dispersal of species to counteract 
local extinctions.
The few large mammals that survived (14 species) are 
adapted to forests, mountainous areas, or wetlands, or at least 
some populations inhabit these kinds of environments. Some 
have nocturnal habits. Other large vertebrates usually not con-
sidered in the extinction discussion, such as pinnipeds, mana-
tees, and caimans, inhabit protected aquatic environments.
Shortly after humans entered South America, climate 
changed and open areas began to shrink, especially after the 
beginning of the Holocene.
It has been documented that humans hunted many of the 
mammals that became extinct. The ratio between hunt effort 
and food obtained is obviously higher for a megammamal 
than other mammals.
The extinction appears to have been more concentrated in 
taxa of South American origin. However, this is mainly 
apparent because many of the large mammals were xenar-
thrans (and litopterns and notoungulates).
Contrasting with North America, recent dating suggests 
that several megamammals became extinct in South America 
during the early Holocene (perhaps as late as 7,000 BP). As 
humans entered South America ca. 13,000-11,000 BP, the 
process of extinction endured several thousand years (per-
haps up to 6,000 years). So, chronological evidence does not 
support the blitzkrieg model for South America.
The extinction event in South America was the largest in the 
world at the time and perhaps the youngest one at a large scale.
We believe that in the particular situation of a dramatic 
shrinking of geographic range and the number of large, 
mostly slow and naive mammals, a relatively small number 
of active foragers with specialized weapons would have been 
able to exterminate many of them after no more than several 
thousand years of cohabitation. Perhaps only a moderate and 
occasional hunting of females (solitaries or with offsprings), 
juveniles, or offsprings would be necessary to produce their 
extinction in few thousand years. Quite certainly, when pop-
ulations diminished to a threshold, they became not viable 
anymore. With the demise of many mammals and the taking 
of other actions such the use of fi re, humans altered the eco-
logic equilibrium of the continent, provoking other extinc-
tions in cascade. The large carnivores such as Smilodon 
populator probably became extinct when their preferred prey 
victims disappeared.
Finally, it is plausible that without the appearance of humans 
in the continent, the extraordinarily varied fauna of large 
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mammals and megamammals that characterized South 
America during the Pleistocene should have recovered and 
survived, as it had occurred after each of the previous inter-
glacial periods.
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